The mucilage (MMZ) extracted from the seeds of Manilkara zapota (Linn.) P. Royen syn. using maceration techniques was evaluated for mucoadhesive strength by various in vitro and in vivo methods. The result showed that mucoadhesive strength of seeds mucilage have comparable property toward natural and synthetic polymers such as Guar Gum and hydroxyl propyl methyl cellulose (HPMC E5LV) under the experimental conditions used in this study. Briefly, it could be concluded that the seed mucilage of Manilkara zapota can be used as a pharmaceutical excipient in oral mucoadhesive drug delivery systems. Further, it may be appropriate to study the changes in these properties after chemical modifications.
INTRODUCTION
Mucilages are naturally occurring, high-molecularweight (approximately 200,000), polyuronides consisting of sugar and uronic acid units (Trease, Evans, 2002) . These are esters of sulphuric acid, wherein ester group is a polysaccharide complex (Kokate, Purohit, Gokhale, 2005) . Chemically, mucilages resemble gums and pectins but differ in their physical properties. Gums swell in water to form sticky, colloidal dispersions and pectins gelatinize in water, while mucilages form slippery, aqueous colloidal dispersions (Bhardwaj et al., 2000; Jani, Shah, 2008) . Gums are considered to be pathological products formed upon injury of the plant or owing to unfavorable conditions such as drought, by a breakdown of cell walls (extracellular). On the other hand mucilage is regarded as normal physiological product of metabolism formed within the cell or deposited on it in layers. Mucilage in plants is thought to aid in water storage and seed germination, and to act as a membrane thickener and food reserve. Among the richest sources of mucilage are cacti (and other succulents), and flax seeds.
Bioadhesive systems applied to mucous membrane are frequently defined as mucoadhesive, but the terms are interchangeable (Leung, Robinson, 1990) . It is feasible to design a bio (muco) adhesive system in different dosage forms, since the properties of adhesion largely depend on the features of the material used in its preparation. Therefore, several conventional drug delivery systems already in use can become bioadhesive after redesign by including bioadhesive substances in their formulation. This approach to confer bioadhesion properties has been widely applied in the development of a number of drug delivery systems (Asana, 2007) .
Since the seeds are rich source of mucilage and such mucilages can prove to be better alternative to presently available mucoadhesive agents, this study was undertaken.
Present study describes characterization of mucilage isolated from the seeds of Manilkara zapota as a mucoadhesive agent after evaluating it by various reported methods such as shear stress measurement, Wihelmy's method, detachment force measurement, recording of adherence, falling sphere method, rotating cylinder method, falling liquid film technique, ex-vivo residence time, in-vitro wash off test, and in vivo mucoadhesive strength.
MATERIAL AND METHODS

Material
Fruits of Manilkara zapota were collected from the forest of Rajgamar, District Korba, Chhattisgarh in the month of April-June and authenticated by Prof. H. B. Singh, NISCAIR, New Delhi, India. De-ionized water was used for all experiments. All other chemicals used were of analytical reagent grade.
Methods
Isolation of Mucilage from seeds of M. zapota
100 g /kg powdered seeds were soaked in distilled water at room temperature for 24 hours. The resultant slurry was heated at temperature 100 °C for 1 h, allowed to cool for 1 h and was filtered through the muslin cloth. The filtrate was centrifuged (Remi) at 3000 rpm for 10 minutes. Acetone was added to the filtrate to precipitate the mucilage. The precipitate was filtered and then washed with chloroform. The mucilage was then dried at 40 °C in hot-air oven (Bio-Tech) and then passed through mesh #120 and stored in desiccators until used for further studies (Kulkarni et al., 2002) Mucoadhesive strength assessment
The mucoadhesive characterization of synthetic, semi synthetic or natural gum involves various evaluation methods. In order to confirm mucoadhesive character of the mucilage, the study was performed in triplicate along with other existing known mucoadhesive polymers such as hydroxyl propyl methyl cellulose E5LV (HPMC E5LV) and Guar gum (GG) (Pranshu, Madhav, 2011) to compare the strength of adhesion of test and standard agents.
Measurement of adhesive strength by shear stress measurement
shear stress measure the force that cause a mucoadhesive to slide with respect to the mucus layer in direction parallel to their place of contact of adhesion. The test was performed at various concentrations of mucoadhesive solution such as 1%, 2%, 3% w/v for standard and test material (GG, HPMC E5LV and MMZ). A specified amount of prepared solution was spread on three sets of glass slides. Another clean glass slide was placed over the first plate and applied 100 g weight rolling on the glass plates to spread the polymer solution uniformly. It was kept aside for 15, 30 and 60 min respectively for different sets. The lower glass plate was fixed in a hook and the upper was connected to the end pan through the pulley. Each set was subjected to the test after the stipulated time i.e. 15, 30 and 60 min respectively and weight was placed in pan with an increasing manner until the plates are detached off. The weight required to detach plate was noted (Peh, Wong, 1999) .
Measurement of adhesive strength by Wihelmy's method
Wihelmy's method measures equilibrium surface or interfacial tension at an air-liquid or liquid-liquid interface (Figure 1) . A small glass plate (2×5 cm) was coated by dipping into a 1% w/v solution of standard and test mucoadhesive agent. The mucin was collected from goat intestine and kept in a suitable container and the temperature was maintained at 37 °C. Nylon thread was attached at one end of the glass plate. It was allowed undisturbed for 5, 10, 15 and 30 min. Provision was given to raise the weight from the other end. At specified intervals, weight was added to detach the coated glass plate from mucin and the force required to pull the plate out of the gel was determined under experimental condition. Six plates were tested for each material and the average weights required was calculated (Rao et al., 1998) .
Measurement of adhesive strength by detachment force Measurement
Mucoadhesive strength was measured using detachment force method in which goat intestine was collected from slaughter house and transferred to kreb solution. During this experiment the intestine was placed on one glass slide and tied on both side of the assembly (Figure 2 ). The glass slide with the intestine was fixed on one side floor below the modified physical balance. The tablets of 125 mg each bearing formulation codes F1 to F7 were prepared as described in Table I wherein ratio of 1:1 with barium sulphate (Microbar HD) and mucoadhesive agent (MMZ, GG, HPMC E5LV and Lactose as control) by addition of 5% w/v polyvinlypyrrolidon binding agent solution to make dough mass. This was passed through sieve no. 10 to obtain granules. After drying these were passed through the sieve no. 18 to remove fines. Tablets of 6 mm were prepared on eight-station compression (Clit Jemkay Engineering) machine. Formulation F4 to F7 was pasted on another glass slide and balanced on the assembled physical balance with a beaker on other side which was used to hold the water, amount of water in grams which require to detach the tablet were recorded (Nafee et al., 2003) .
Measurement of adhesive strength by recording of adherence
the tablets prepared as per above procedure were placed on the slide with goat intestinal segment and lightly pressed with forcep, the assembly kept in undisturbed condition for a fixed time interval 5, 10, 15 and 30 min than water was added slowly in drop wise manner to the cup. The amount of water in gm required to pull out the tablet from intestinal segment represent the force required to pull the tablet against the adhesion (Shinde et al., 2010) . The above procedure was performed in triplicate and the force in Newton's was calculated by Equation 1:
whereas, W is the amount of water.
Measurement of adhesive strength by falling sphere method falling sphere method was used for characterizing mucoadhesive strength. Mucus was taken out by pressing out the intestine by forcep and filled in a clean burette. Mustard grains coated with test material (MMZ) and standard (Guar Gum and HPMC E5LV) was taken and slowly placed at the top of the mucus layer. Time taken by 
MMZ:
Mucilage of Manilkara zapota, GG: Guar Gum, HPMC: Hydroxyl propyl methyl cellulose E5LV, PVP: Polyvinylpyrrolidone the grains to cover 50 divisions in the burette was noted (Rao, Buri, 1989) .
Measurement of adhesive strength by falling liquid film technique
the intestine of goat was separated and cut longitudinally. This separated portion was placed on the semi cylindrical plexiglass support, and washed with saline solution for 30 min at rate of 30 mL/min. Then 25 (N o ) counted granule of mucilage (prepared by adding water) were hydrated with little amount of water and were dispersed on the mucosal tissue and left for 20 min for interaction with mucosal surface during this period whole assembly was placed in a constant humidity chamber. At the end, the system was washed with phosphate buffer pH 7.2 for 20 min at the rate of 22 mL/min and the number of granules of mucilage remaining on the mucosal surface (Ns) was counted. The adhesive strength was determined using the Equation 2 given below (Smart, Kellaway, Worthington, 1984) .
Measurement of adhesive strength by rotating cylinder method mucoadhesive strength was determined by rotating cylinder method in which tablets of standard and test material (125 mg) was compressed using 6.0 mm punch using a rotary compression machine, by keeping constant compression pressure for each polymer. Each tablet was placed on freshly excised goat intestine and hydrated with few drops of distilled water. The whole system containing tablet and intestine was then placed on the stainless steel basket of USP type I apparatus with the aid of thread and the basket was immersed in the dissolution jar filled with phosphate buffer pH 7.2 at 37 °C. It was rotated at 125 rpm. The time required for the detachment, disintegration or erosion of tablet was recorded (Vjera, Davide, Andreas, 2005) .
Measurement of adhesive strength by ex vivo residence time
The residence time for mucilage tablet was measured using modified USP dissolution test apparatus. The test and standard mucilage tablets (125 mg) were pressed over excised goat mucosa for 30 s after previously being secured on glass slab and was immersed in a jar of dissolution apparatus containing 750 mL of phosphate buffer, pH 6.2 at 37 °C. The paddle type II apparatus of the USP dissolution apparatus as adjusted at a distance of 5 cm up from the tablet and rotated at 25 rpm. The time for complete erosion or detachment from the mucosa was recorded (Bhavin et al., 2009) .
Measurement of adhesive strength by in vitro wash off test
mucoadhesive strength study was conducted on modified disintegration test (DT) assembly. The cylindrical part of disintegration apparatus was replaced with a glass slide (10x2 cm 2 ) attached with a stainless steel stick. The tissue of intestine (1x1 cm 2 ) was fixed on slide with thread in such a way that the mucosal part will be outside. The tablet was fixed on mucosal part of tissue with little pressure. The modified assembly was dipped down in 500 mL of 0.1 N HCl and the motor of DT apparatus was switched on. The time of detaching the tablet from the tissue surface was considered as wash off time for that tablet (Agaiah, Swamy, Praveen, 2011) .
Statistical analysis
Results obtained for above mucoadhesive strength assessment are expressed as mean ± Standard Error Mean (SEM) and subjected to one-way analysis of variance (ANOVA) followed by Dunnett's test considering Guar Gum and HPMC E5LV as standard and values with P < 0.05 were considered to be statistically significant.
In vivo bioadhesive study
Preparation of barium sulphate tablet
The in vivo residence time of tablets was measured on white New Zeeland Rabbit. The protocol for animal studies was approved by Institutional Animal ethical committee (IEAC/HNSIPER/RJK/07/2010). The standard and test mucoadhesive agent (125 mg) tablets were prepared in ratio of 1:1 with barium sulphate (Microbar HD) and mucoadhesive agent (MMZ, GG, HPMC E5LV and Lactose as control) as presented in Table I .
Barium sulphate loaded tablets were used to study the bioadhesive character and the mean residence time of mucoadhesive agent in the intestine. Six healthy white New Zeeland rabbits weighing about 2.5 kg were selected separately for test and control mucoadhesive agent. Tablets were administered orally using modified oral feeding tube in each rabbit (Senthil et al., 2010) . X-ray photographs were taken at specified time intervals (0, 4 and 8hr) with the help of X-ray Machine (GE ELPRO, Power supply was 73 KVP, 120 mAs for two second) and then residence time was measured from the photographs.
RESULTS
Measurement of adhesive strength by shear stress analysis
The result (Table II) of shear stress measurement indicated that the mucoadhesive strength possessed by test material isolated (MMZ) from seeds and standard (HPMC E5LV and Guar Gum) are in order of GG> MMZ> HPMC E5LV respectively. The initial measurement values for shear stress, (time 15 min) normalized and the values at 30 and 60 min reported as increase in ratio when compared with time. The mucoadhesive strength of MMZ was significantly higher than HPMC E5LV, however the strength was significantly lower than standard i.e. Guar Gum.
Measurement of adhesive strength by Wihelmy's, detachment force and recording adherence method
The result of Wihelmy's method showed that the force of adhesion in Newton required to detach 1 % w/v coated plate from the mucus gel after 30 min was 0.1966 N for MMZ however standard polymer HPMC E5LV showed poor adhesive character with 0.1176 N to detach the plate, in comparison with test material towards the mucus gel (Figure 3) . The mucoadhesive strength of MMZ was significantly higher than HPMC E5LV, however the strength was significantly lower than standard i.e. Guar Gum.
Detachment force measurement analysis showed that the force of adhesion in Newton required to detach mucilage tablet from the intestine after 30 min was 0.0318 N for MMZ, however standard polymer HPMC E5LV showed poor adhesive character with 0.0049 N to detach the plate, in comparison with test material (Figure 4) . The mucoadhesive strength of MMZ was significantly higher than HPMC E5LV, however the strength was significantly lower than standard i.e. Guar Gum.
Mucoadhesive strength evaluated using recording of adherence analysis showed that the force of adhesion in Newton required to detach mucilage tablet from the intestine after 30 min was 0.714N for MMZ, however standard polymer HPMC E5LV showed poor adhesive character with 0.0229N to detach the plate, in comparison with test material (Figure 5 ). The mucoadhesive strength of MMZ was significantly higher than HPMC E5LV, however the strength was significantly lower than standard i.e. Guar Gum.
Measurement of adhesive strength by falling sphere analysis
The result of falling sphere analysis showed that ( Figure 6 ) time required to cover division of burette by polymer-coated grain is higher for Guar Gum coated grain and lowest for HPMC E5LV coated grain. The result showed that mucoadhesive strength of MMZ was significantly higher than HPMC E5LV, however the strength is significantly lower than standard i.e. Guar Gum.
Measurement of adhesive strength by Falling liquid analysis
The result indicated that the adhesive strength was higher for formulation F6 (88.0 min) which comprises of Guar Gum and lowest for formulation no F4 (08.0 mint) which comprises of lactose. The result of percentage adhesive strength was obtained in following order GG> MMZ> HPMC E5LV> Lactose. The mucoadhesive strength of F5 (72.0 min), was significantly higher than F4 and F7 (60.0 min), however the strength is significantly lower than standard i.e. F6.
Measurement of adhesive strength by rotating cylinder analysis
The result of rotating cylinder analysis is presented in Table III . The observation revealed that detachment time and erosion time is higher for formulation no F6 which comprises of Guar Gum and lowest for formulation no F4 which comprises of lactose. The order of detachment and erosion time was obtained in following order GG> MMZ> HPMC E5LV> Lactose. The mucoadhesive strength of F5, was significantly higher than F4 and F7, however the strength is significantly lower than standard i.e. F6.
Measurement of adhesive strength by ex vivo residence and in vitro wash off time
The result of ex vivo residence and in vitro wash off FIGURE 4 -Compression between mucoadhesive strength of Guar Gum and HPMC E5LV (Standard) and MMZ (Test Materials) and Lactose (Control). Values are expressed as mean ± SEM (n = 6). Data was analyzed by one way ANOVA followed by Dunnett test (Compared with standard Guar Gum), (ns) p>0.05; *p<0.05; **p<0.01;***p<0.001.
FIGURE 5 -Compression between mucoadhesive strength of Guar Gum and HPMC E5LV (Standard) and MMZ (Test Materials) and Lactose (Control). Values are expressed as mean ± SEM (n = 6). Data was analyzed by one way ANOVA followed by Dunnett test (Compared with standard Guar Gum), (ns) p>0.05; *p<0.05; **p<0.01;***p<0.001.
FIGURE 6 -Time taken by polymer coated grain to cover the given distance during falling sphere analysis. Values are expressed as mean ± SEM (n = 6). Data was analyzed by one way ANOVA followed by Dunnett test (Compared with standard Guar Gum), (ns) p>0.05; *p<0.05; **p<0.01;***p<0.001.
time is tabulated in Table IV . The observation revealed that the polymer tablets of F6 (Guar Gum) have longer ex-vivo residence and in vitro wash off time, and polymer tablet of F4 have shortest one. The results of ex vivo residence and in vitro wash off time was obtained in following order GG> MMZ> HPMC E5LV> Lactose. The mucoadhesive strength of F5, was significantly higher than F4 and F7, however the strength is significantly lower than standard i.e. F6.
In vivo bioadhesive study
The result of X-ray analysis is presented in Figure  7 -10. The X-ray figures revealed that the tablet containing Guar Gum present in intact form for 8 h while tablets containing HPMC E5LV and MMZ although present but not in intact form. The lactose containing tablet was disintegrated in stomach itself just after ingestion of tablet.
DISCUSSION
Mucoadhesive strength of isolated mucilage
The process of mucoadhesion involving a polymeric drug delivery platform is a complex one that includes wetting, adsorption and interpenetration of polymer chains amongst various other processes. The success and degree of The attractiveness of mucosal-targeted controlled drug delivery of active pharmaceutical ingredients (APIs), has led formulation scientists to engineer numerous polymeric systems for such tasks. The mucilage of Manilkara zapota was to be characterized for its relative mucoadhesive and related properties. Therefore, standard and widely used gum like HPMC and Guar Gum were used for comparative assessment. Various properties requisite for mucoadhesive dosage like, mucoadhesive strength, adhesiveness and Physiochemical of mucilage were evaluated. So, in order to develop a mucoadhesive excipient there is need of in vitro and in vivo mucoadhesion testing setups.
Mucoadhesive strength measurements by shear stress analysis
The adhesive strength of test mucoadhesive material determined from shear stress analysis was found to be 0.099 N for MMZ. The results indicate that adhesive strength of MMZ is more or less equivalent to adhesive strength of Guar Gum but it is better than HPMC E5LV which indicates that test material possess good adhesive strength.
Measurement of adhesive strength by Wihelmy's, detachment force and recording of adherence
The adhesive strength of test and standard mucoadhesive material determined from Wihelmy's, detachment force and recording of adherence. Result indicated that force of adhesion in Newton for test material was found to be statistically significant than HPMC E5LV. The ex vivo mucoadhesive strength study showed that the bioadhesion characteristics of test and standard mucoadhesive polymer were affected by type and concentration of polymer. Viscosity of polymer also affects the bioadhesive strength of tablet as reported earlier by Deshmukh, Jadhav, Sakarkar, 2010. The result was further supported by in vitro wash off test for test mucoadhesive agent.
In vivo mucoadhesive strength
The result of in vivo test, indicated that test material possess strong mucoadhesive property as revealed by X-ray figures at different time intervals. The tablet resists disintegration for longer period (up to 8h) in the same location of stomach which showed that the tablet has residence time of 8h. It may be due to the strong adhesive property of the gum that has been proved by in vitro mucoadhesive strength studies and physical evaluation of mucoadhesive tablets. Earlier reported by Mahesh et al that most of natural polymers contain two major polysaccharides fraction with equivalent weight about 700 and 4000 (Mahesh et al., 2006) . On hydrolysis they yield mostly D-xylose L-arabinose and aldobiouronic acid. In contact with aqueous medium, the mucilage swell and thus could be responsible for bioadhesion by simple physical or hydrogen bonding with the mucus components. Hence, the bioadhesive property of the tablet which prepared using MMZ and Guar Gum assisted them to stay in the upper part of gastro intestinal tract.
CONCLUSION
The polymers are playing an important role in field of controlled or sustained release drug delivery system. The selected natural mucilage from seed of Manilkara zapota was successfully tested against their adhesive characteristic in the available physical studies like shear stress measurement, wihelmy's method, detachment force measurement, recording of adherence, falling sphere method, rotating cylinder method, falling liquid film technique, ex-vivo residence time, in-vitro wash off test and in vivo mucoadhesive strength along with some synthetic polymer such as HPMCE5LV and Guar Gum. The results were comparable to that of same synthetic polymer. The in vivo study of plain isolated natural mucoadhesive agent (in tablet form) seeds of Manilkara zapota at albino rabbits also shows a good response in mucoadhesive characterization analysis. Further the result showed mucilage obtained from seeds of Manilkara zapota had mucoadhesive character and if any modifications are done in chemical structure then it may possess an enhanced adhesiveness, which may replaces the synthetic non-ideal mucoadhesive polymer.
